T he El Niño-Southern Oscillation (ENSO) is one of the major climate phenomena affecting our global environment (Figs. 1 and 2), but current understanding of ENSO is limited. Instrumental records are too short to allow us to document its spectrum of variability and there is little knowledge of how variability alters with changes in the climate mean state, for example with anticipated global warming.
In the PAGES news issue "Paired perspectives on global climate change" (2012), Amy Clement highlighted some important issues about the decadal variability, predictability and modeling of ENSO with global warming. As pointed out by Julien Emile-Geay in the same issue, paleoclimate data are a valuable resource to improve our understanding of these issues, even though the past does not provide direct analogs for the future. 
The future of ENSO research
The suite of papers presented in this newsletter is one outcome of the PMIP workshop on "Tropical climate variability with a focus on last millennium, mid-Holocene and Last Glacial Maximum" which took place in the south of France in September 2011 and was co-sponsored by PAGES (Braconnot et al. 2012b) . The articles provide an overview of high-resolution records and modeling studies that can be regarded as a basis for future ENSO research. Individual contributions address how one can extract ENSOrelevant climate information from tree rings, corals, giant bivalves, or shells, and how modeling can be used to test explicit hypotheses to improve the interpretation of paleoclimate records as well as to infer the mechanisms of climate change. The articles also illustrate some fundamental questions that need to be addressed in preparing multi-proxy reconstructions of past ENSO behavior and in analyzing paleoclimate modeling results. We consider these studies to be the first step towards a comprehensive evaluation of whether climate models incorporate the right physics and feedbacks to reproduce the diversity of ENSO events.
Pulling the pieces together
An exciting development, showcased in this special issue, is that many different types of records exist that 
Modeling improvements
A second important development is the improvement in modeling capacity and analytical approaches. Coupling between different components of the climate system is notoriously difficult and this poses problems for simulating aspects of the climate system, such as ENSO, that are primarily driven by the coupling between the ocean and atmosphere (see Capotondi et al. p. 58 or Lazareth et al. p. 66) . Nevertheless, with improved model physics, increased spatial resolution, more routine incorporation of tracers (e.g. isotopes) and biogeochemistry, and the ability to run much longer simulations, state-of-the-art models are increasingly yielding important insights into ENSO. Model simulations show that ENSO displays non-stationary behavior in space and time, including the strength of ENSO teleconnections (Capotondi et al. p. 58, Merkel et al. p. 68) . The simulations imply that the ENSO phenomenon has to be decoupled into different components, such as mean state, hydrology and teleconnections that change independently depending on the forcing (see Braconnot et al. p. 64) . The lessons learned from models and their integration with observations pose ambitious challenges to the interpretation of the ENSO-relevant signal in paleoclimate records (Russon et al p. 62, Brierley p. 70, Lazareth et al. p. 66) .
Towards data and model integration
It is a pivotal time for the ENSO community. We see a real need for new activities. First and foremost, there needs to be a more integrated approach to combining data and modeling for hypothesis testing. To facilitate this, the community needs to synthesize more primary data across regions and realms. This will allow us to capitalize on the improvements in process understanding that are emerging from both data analyses and modeling experiments. The other requirement is developing statistical and analytical tools that combine the two sources of information (data and model outputs) to disentangle the evolution of mean state, seasonality, and interannual to decadal variability. To develop these approaches and tools, we see a need for a dedicated activity within the PAGES and PMIP communities that brings together the full range of expertise. This is the only way to answer the fundamental questions about the relationships between the background climate state, the seasonal cycle and ENSO variability.
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